In this paper, data obtained between 1984 and 1993 from 11,629 men and women as part of the Scottish Heart Health Study (Scotland, United Kingdom) were used to investigate the relation between antioxidant vitamin and fiber intakes and both incident coronary heart disease (CHD) (649 events) and all-causes mortality (591 deaths). All age-adjusted mean intakes tended to be higher in the group that experienced no event. For men, increased fiber intake was associated with decreased risk of CHD even after adjustment for a host of other major coronary risk factors; hazard ratios relative to the lowest quarter were 0.68, 0.70, and 0.64 by increasing quarter. This relation was also observed for mortality (hazard ratios of 0.62, 0.66, and 0.62). Evidence was found that higher intakes of the antioxidants were also beneficial, although the associations were weaker. For women, fiber was the only obviously influential dietary factor, with hazard ratios of 0.94, 0.60, and 0.56 for CHD and 1.25, 0.82, and 0.65 for mortality. These results suggest that the current public health drive to increase the consumption of foods rich in antioxidant vitamins and (particularly) fiber will impact on both CHD risk and the general health of the population. Am J Epidemiol 1999; 150:1073-80.
In the search for causal factors of coronary heart disease (CHD), many aspects of human existence have been considered. Early studies identified the three so-called "classical" risk factors-tobacco smoking, blood pressure, and blood cholesterol-in addition to age. More recent research has centered upon augmenting this list with newer factors (\-<\). In particular, there are indications of the role that dietary antioxidants (vitamins C and E and carotenoids) (5) (6) (7) and dietary fiber (8, 9) play in the prevention of the disease. Presently available data provide compelling evidence of a distinct relation between low levels of these dietary variables and increased risk of CHD.
This paper examines the role played by the above dietary risk factors in the prediction of incident CHD and all-causes mortality in an average 7.7-year followup of the Scottish Heart Health Study cohort. A quantification, in terms of odds ratios, of the relation between antioxidant vitamins and fiber and prevalent Methods for the follow-up of individuals have also been reported (13) . Briefly, fieldwork for the baseline Scottish Heart Health Study was conducted between November 1984 and October 1987. Twenty-five Scottish districts were selected and potential participants recruited through their general practitioners. In total, 11,629 men and women aged 40-59 years were entered into the study.
Subjects completed a personal health record that incorporated questions on sociodemographic and health status, the Rose chest pain questions (18) , and a semiquantitative food frequency questionnaire (19) that was modified from that of Yarnell et al. (20) and specifically validated for the antioxidants against plasma levels (21) . The frequency of consumption of 60 foods/food groups was reported as 1-7 times/week, fortnightly, or rarely/never. The nutrient intakes were calculated from the standard McCance and Widdowson tables (22) . Dietary carotenoids were calculated as beta-carotene equivalents and vitamin E as alpha-tocopherol equivalents (22) . Each individual was requested to attend a local clinic, where a resting 12-lead electrocardiogram was recorded, along with weight, height, two blood pressure measurements, and the level of carbon monoxide in expired air. A nonfasted blood sample was taken, from which serum total cholesterol was determined. Written consent was obtained from all subjects, including consent to follow up their medical records. Further details of the processing and quality control that took place after recruitment have previously been discussed in relation to the dietary variables (19) and the study as a whole (13) .
To obtain the follow-up results up to the end of 1993, participants were flagged on the Scottish National Health Service Register for mortality followup. Copies of identified death certificates were regularly received from this office. In addition, access to a central file of hospital discharge data at the Information and Statistics Division of the Scottish Common Services Agency allowed information on CHD-related events to be obtained. Information on migration was obtained from Health Board registers. Details of the validation procedures for these data are reported elsewhere (13) . Only 14 people were lost to follow-up because of emigration.
Statistical methods
From the follow-up data, a number of relevant endpoints were identified. Two different endpoints are used here. The first is a measure of incident CHD, which involves detection of any CHD event in those free from all evidence of CHD at baseline. A CHD event is either a hospital admission for myocardial infarction, coronary artery surgery (coronary artery bypass graft or percutaneous transluminal coronary angioplasty), or coronary death (identified using International Classification of Diseases, Revision 9, codes . The second endpoint is deatii from any cause.
Cox's proportional hazards regression model was used to analyze the follow-up data. In what follows, the term "survival" refers to time from the clinic visit at recruitment until an individual experiences his or her endpoint-dependent first event (in the case of incident CHD) or dies (in the case of all-causes mortality), is lost to follow-up, or reaches the cut-off study date without experiencing the particular event. The antioxidants (vitamins C and E and beta-carotene) and dietary fiber have been recorded as nutrient densities (weight divided by total energy consumption). This provides a measure of adjustment for body size and energy expenditure. Results are reported separately for each sex.
For each of the dietary risk factors considered, the variable was divided into equal quarters. Since several of the variables had skew distributions, division by equal intervals would have led to very unequal group sizes with subsequent loss of statistical efficiency. Grouped variables were used in preference to their continuous counterparts to allow easy fitting and interpretation of the various risk factors and to allow for nonlinear effects. It should be noted that, when the association is linear, this does result in a loss of power.
Initial research investigated the relation between incident CHD or death and the dietary factors adjusting for age alone (the "age-adjusted" analysis). However, in view of the fact that many complex processes may be at work in the development of the disease, more complicated analyses were performed. A "classical adjusted" analysis allowing assessment of the dietary factors after control for age (years), serum total cholesterol (mmol/liter), systolic blood pressure (mmHg), and smoking (using carbon monoxide in expired air (ppm) as an objective measure of tobacco smoke inhalation) is reported. Finally, a "fully adjusted" analysis is detailed that includes the following variables: age, serum total cholesterol, systolic blood pressure, carbon monoxide in expired air, energy consumed per day (kcal), a previous medical diagnosis of diabetes (yes/no), body mass index (kg/m 2 ), the Bortner personality score, triglycerides (mmol/liter), high density lipoprotein cholesterol (mmol/liter), fibrinogen (g/liter), a self-reported measure of activity in leisure (active/average/inactive), and alcohol consumption (g/day). Males and females were considered separately, for each of the two endpoints, giving a total of four models for each of the age-adjusted, classical adjusted, and fully adjusted scenarios. Hazard ratios and associated 95 percent confidence intervals for each of the four dietary factors are presented.
In addition to the above analyses, a comparative analysis was undertaken including age, the classical risk factors, the dietary antioxidants, and fiber with the aim of determining the relative importance of these key variables and an assessment of their interaction. This also provides a comparison with an earlier parallel analysis of prevalent CHD (12) . First, age and the classical risk factors were categorized in the same way as the dietary factors to allow interactions between the various risk factors to be fitted. From the null model (containing no variables), each main effect factor was fitted alone, and the most significant was retained in the model. The statistical significance of a particular term was determined by performing a likelihood ratio test, comparing between various nested models. Each remaining factor was then added, in turn, to the model in the presence of the single most influential factor, and its significance was assessed. This procedure continued, reassessing the fit of the model at each stage, until no further factors were considered to be of statistical significance (at the 5 percent level). At each iteration, as well as when adding factors to the model, we examined whether any previously included factors could be dropped in the presence of others. After finding the final model using main effects only, we assessed two-factor interactions between the main effects in the same manner to give the definitive models for these data. Table 1 gives means, standard deviations, and the 25th, 50th, and 75th percentiles for the key variables under consideration, for males and females separately. The lower quartile, median, and upper quartile were used to define the grouped variables for the Cox regression analyses. Table 2 gives age-adjusted means and corresponding 95 percent confidence intervals for the four dietary variables (as recorded at baseline), classified by sex and by three mutually exclusive outcome groups (no event, CHD case (morbid or mortal), and non-CHD mortality). In addition, the number in each outcome group is given, totaling 11,629. The purpose of the table is to provide a summary of the raw (unadjusted) effects of the four dietary variables and to show how the 11,629 individuals were categorized at this stage of follow-up. The outcome groups in table 2 relate indirectly to the endpoints in later tables. They were chosen here because their mutual exclusivity means that each person counts in only one category. In the Cox regression survival analyses, an individual may feature in more than one endpoint grouping, depending on definition. Without exception, the total energy-adjusted consumption of the three vitamins and fiber is higher for women than for men. Table 2 also presents p values for comparisons made between the CHD case and no-event groups and between the non-CHD death and no-event groups. From the results, 11 of the 16 comparisons show a significant difference (at the 5 percent level) between the outcomes under comparison. In these instances, the CHD case and/or non-CHD mortality groups are associated with significantly lower levels of the dietary factor in question.
RESULTS
Cox's proportional hazard regression analyses were performed for each of the two endpoints of interest (as distinct from the outcome groups used in table 2 above) for each of the age-adjusted, classical adjusted, and fully adjusted analyses. Tables 3 and 4 give hazard ratios and associated 95 percent confidence intervals for these models, for each of the dietary factors. • Adjusted for age, serum total cholesterol, systolic blood pressure, and carbon monoxide. t Adjusted for age, serum total cholesterol, systolic blood pressure, carbon monoxide, energy, previous medical diagnosis of diabetes, body mass index, the Bortner personality score, triglycerides, high density llpoproteln cholesterol, fibrinogen, a self-reported measure ol activity in leisure, and alcohol consumption.
$ Numbers In parentheses, 95% confidence Interval. § As alpha-tocopherol equivalents. 1 As beta-carotene equivalents. # Inclusive of nonstarch potysaccharldes, resistant starch, and Itgnln.
Hazard ratios are given relative to the lowest (first) quarter. Also shown are the number of individuals (and corresponding number of events) used in each analysis, after excluding those people with missing data. From the tables it can be seen that several hazard ratio estimates have associated 95 percent confidence intervals that are entirely below unity, indicating an important inverse association for that particular comparison. No comparisons were found to have confidence intervals entirely above one, which would have indicated an undesirable positive association. For men, increased fiber intake was associated with a marked decrease in the risk of both incident CHD and all-causes mortality in all analyses. Some evidence was also obtained to suggest that higher levels of the antioxidants have a potential to improve survival. For vitamins C and E and beta-carotene, all hazard ratios (relative to the first quarter) were less than one for all-causes mortality. The same is true for incident CHD, except for the second quarter of vitamin C for all models and the third and fourth quarters for vitamin E in the classical adjusted model.
For women, fiber was the only dietary factor found to have an obvious inverse association for both incident CHD and mortality. When considering the antioxidant vitamins and the endpoint incident CHD, we found that a majority of the hazard ratios (relative to the first quarter) were less than one. For all-causes mortality, less than half the hazard ratios were less than one.
For the comparative analysis, involving the variable selection procedure, the following results were obtained. For incident CHD, age and all of the classical risk factors appeared in the models for both men and women (p < 0.001). In addition, vitamin E was found to influence the outcome measure after adjustment for these factors in the model for men (p < 0.05). Figure 1 illustrates that a U-shaped distribution of hazard ratios was obtained, with moderate levels of vitamin E associated with smaller hazard ratios compared with the lowest level, but that intakes in the highest quarter of vitamin E tended to be less optimal. Such a relation is also demonstrated in table 3. For women, fiber was the only important factor (p < 0.05) after adjusting for age and the classical risks. Figure 2 shows the smaller hazard ratios associated with higher fiber intake. Turning attention to all-causes mortality as an endpoint, the classical risk factors (age, carbon monoxide, and systolic blood pressure) influenced survival. Interestingly, total cholesterol did not figure as an important risk factor. In addition, fiber, but not the antioxidants, appeared to affect survival. From figure 3, it can be seen that fiber intakes above the first quartile demonstrated smaller hazard ratios. The equivalent plot for women looks extremely similar to figure 2 and so has not been presented here. Vitamin E Quartan None of the interactions found to be significant involved the antioxidants, although in the model for incident CHD for women an interaction was found between fiber and total cholesterol. This result was based upon modeling variables of two levels (splitting by median) as problems of estimation were encountered when fitting interactions among variables of four levels because of small numbers of events in some cells. Relative to the lowest level of both variables, low levels of total cholesterol together with high fiber intake had a protective effect, with a hazard ratio equal to 0.32 and a 95 percent confidence interval of 0.16, 0.65. At high levels of total cholesterol, this benefit appeared to be lost. In this case, both low and high fiber intakes were associated with hazard ratios greater than one. For high cholesterol and low fiber, the hazard ratio was 2.94, with a 95 percent confidence interval of 1.29, 6.72. For high cholesterol and high fiber, the hazard ratio was 2.25 with a 95 percent confidence interval of 0.96, 5.26.
DISCUSSION
Two different endpoints have been presented in these analyses, those of incident CHD and all-causes mortality. The latter was considered to see how traditional risk factors for CHD influenced survival in general, as this can be considered the most fundamental measure of health. CHD deaths were the largest single category within this grouping and so were not considered separately. Higher levels of antioxidant vitamins appeared to increase survival for men, with little evidence of any substantial benefit for women. In contrast, increased fiber intake was associated with a significantly protective effect for both incident CHD and mortality. Because of the small number of events in some cells, our ability to explore interactions was limited, and we cannot conclude that we have identified all effects. Nevertheless, we felt the investigation to be of interest.
The validity and sensitivity of dietary assessment tools are frequently called into question. Here, a food frequency questionnaire that had been cross-validated against plasma vitamin C and E and beta-carotene levels was used. It is not a sensitive tool (particularly for beta-carotene) for the evaluation of an individual's nutrient intake; however, on an epidemiologic scale it has been shown to be satisfactory. It is important to note that insensitivity in the dietary tool leads to attenuation of diet-disease relations and not the reverse (23) . As such, the significant effects reported here are Likely to be an underestimation of the true effects of these dietary constituents on CHD risk and mortality.
These results are notable for the constancy of the apparent beneficial impact of higher fiber intake. The strong effect of this dietary factor could be a function of several properties of fiber. Here "fiber" is the more tor in atherosclerotic progression. The reason why these effects are not observed for women is unclear but may be due to the predominance of other factors (e.g., estrogen status or physical activity) in this population. It is unlikely to be due to a threshold "adequacy" effect. It should be noted that supplement consumption in this population at the time of data collection was low. In general, these data from a follow-up study, unique for the availability of comprehensive dietary data and information on other potential risk factors, have strongly confirmed the major role of the "big three" modifiable risk factors, plus age, for incident CHD in men and women. Furthermore, dietary fiber has been confirmed as a protective factor for incident CHD and all-causes mortality. A practical role for vitamin E in reducing CHD risk also appears likely, hi this population, both the baseline intakes and plasma levels of the antioxidant vitamins were suboptimal for health (6, 27) , and fiber intakes were generally about half of that recommended (27) . These results suggest that the current public health drive to increase vitamin and fiber intake through greater consumption of fruit and vegetables (five portions/day) should have beneficial effects on both CHD rates and all-causes mortality.
traditional and functional definition that includes lignin and resistant starch (24) . It may be considered a marker of a general micronutrient-and mineral-rich diet. As such, not just intakes of fiber but also of folate, the antioxidant-active flavonoids, and minerals (e.g., selenium, magnesium, and copper) will be coingested at higher levels in a high-fiber, fruit-and vegetablerich diet. Furthermore, the stool-bulking properties of plant tissues containing lignin and high in cellulose are likely to contribute to reduced bowel pressure, faster transit times, and less contact time for potential pathogens/carcinogens in the bowel (25) . The soluble nonstarch polysaccharide components of fiber (pectins and gums) plus resistant starch are fermented in the colon, and at least one of the products (butyrate) has been demonstrated to inhibit cancer cell growth in a range of studies (26) .
The effects of the dietary antioxidants on the CHD endpoints are more variable, with no obviously striking effect for women but clearly beneficial effects apparent for vitamin E and, to a lesser extent, vitamin C and beta-carotene in men. These results mirror those found when prevalent CHD was considered in this population (11, 12) and, as such, the robustness is supportive of a true biologic effect. The protective effects of vitamin E are consistent with the antioxidant properties of tocopherols to protect against free radical damage to lipids and to specifically inhibit the formation of modified low density lipoprotein cholesterol that is a critical fac-
